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INTRODUCTION
Cyanidation, smelting, ion exchange and electrolysis are different techniques widely used in mineral industries to recover gold. However, such methods are usually expensive and generate toxic chemical residues potentially harmful to the environment /1,2/. Therefore, it is necessary to explore new methodologies that will allow the recovery of gold from aqueous solutions.
Biosorption uses biological materials or wastes from other industrial processes to remove heavy metals from wastewaters/3,4/. The metal adsorbing properties depend on the type of biomass, the specific metal present in the solution, the biomass preparation process, and the chemical environment of the solutions/5,6/. Also, the metal concentration plays an important role in the heavy metal binding to the biomass/7/.
There are different mechanisms that have been postulated for adsorption processes such as chemisorption (which involves an ion exchange mechanism), complexation, coordination, chelation, and precipitation, among others/8/. Moreover, during the metal adsorption process, chemical transformation of metal ions can occur. For example, oxidation/reduction reactions usually take place in the process/9,10/.
Metals tend to modify the configuration of biological structures to form complexes or to block functional groups. Biomass cell walls have a high content of amino acids and polysaccharides, which have different functional groups able to bind metal ions/11/. Proteins such as cysteine form complexes with metal ions because they possess chemical coordination sites such as sulfhydryl, amino and carboxylate groups /12/. Other factors such as the porosity and density of biological materials contribute to the uptake of metals/13/.
Recovery of metal ions from wastewaters using plant biomass 
Esterification
Esterification of hops biomass was performed following the same procedure previously reported /17/. This reaction was done in order to block carboxyl groups on native hops biomass. The biomass was washed twice with 0.01M hydrochloric acid to remove any debris and three times with deionized water. All the supernatants were collected and dried to account for any loss of biomass during washings. After that, the biomass was resuspended in an acidic methanol solution (in 0.1M HC1), stirred, and heated at 60C for 48 hours. Biomass pellets were made by centrifugation. The supernatants were collected and dried to account for any loss of biomass. The biomass was washed three times with deionized water, centrifuged and lyophilized for further metal The hydrolysis of hops biomass was performed in order to increase the amount of carboxyl groups in the biomass. The biomass was washed twice with 0.01M HC1 and three times with DI water as described before. All supernatants were collected and dried in order to account for any biomass loss. The biomass was then reacted with 100 mL of 0.1M NaOH as previously described/17/for one hour and was later washed three times with DI water, centrifuged, lyophilized, and saved for subsequent metal 
Metal Analyses
Gold content in all of the experiments was determined using FAAS. The readings were performed at a wavelength of 242.8 nm, a lamp current of 12 mA, and a slit of 0.7 mm. An impact bead was used to improve the instrument sensitivity. The samples were diluted with a 5% HNO3 solution. Four standards were used in order to obtain the calibration curve and the correlation coefficient (r2) obtained was 0.99 or better. The difference between the concentration present in the control and the concentration of Au in the samples after reaction was assumed to be the metal bound to the hops biomass. All samples were analyzed in triplicate. The mean values and 95% confidence intervals were calculated.
RESULTS AND DISCUSSION
pH profile experiments Figure 1 shows the results for the pH profile experiments for Au(III) binding to hops biomass in a pH range from 2 to 6. In this figure, Au(III) binding to esterified hops biomass is shown to be pH independent.
On the contrary, the metal binding to native and hydrolyzed hops biomasses showed a Gaussian curve with a maximum at pH 3 and 4 for native and a maximum at pH 3 for hydrolyzed hops biomass. The results reported herein were similar to those obtained by the exposure of alfalfa biomass to solutions containing Au(III) /15/, where the authors found that Au(III) binds to native alfalfa biomass in a pH independent manner. In those studies, they also reported that modified tissues of alfalfa biomass showed an enhancement or a reduction of the metal binding depending on the chemical modification carried out. In the hydrolyzed hops biomass the amount of carboxyl groups is increased and as pH increases the availability of carboxylate moieties also increases. Since Au(III) is present as the anion tetrachloroaurate (AuCln) and because of the repulsion between the negative charges in the carboxylate groups and the anion, Au binding decreases as the pH increases. AuCI4 binding to carboxylate groups is expected to decrease with increasing pH. However, the actual binding mechanism has not yet been determined and other factors might be involved. Figure 1 also shows that the percentage of Au(IlI) bound to native hops biomass is higher than the one obtained from the hydrolyzed hops biomass. Perhaps the amount of carboxyl groups is smaller in native than in hydrolyzed biomass, then, Au(IIl) binds better to native hops biomass. In Figure 1 , it is also apparent that at pH 2, the percentage of Au(llI) bound to hydrolyzed biomass is much lower compared to native, and esterified biomasses. If Au(IIl) was present as an anion, an electrostatic interaction between the protonated carboxyl group and the Au(III) anion may lead to an increase in percentage binding, which was not observed. It is possible that tetrachloroaurate behaves differently, depending on the pH of the solution. We propose that at pH 2, the tetrachloroaurate anion releases chloride species faster than at pH 5, which contribute for the reduction of Au(III) to Au(0). Thus, at pH 2, the repulsion between positively charged species (protonated carboxylates and AuC12+) leads to a reduction in Au binding. Since Figure 2 shows that at pH 2, Au(III) binds very quickly to the three biomasses but in a different percentage. Au(III) bound better to the esterified (almost 100% of the amount of gold present in the solution) than to native (65%) or hydrolyzed (30%) biomasses. As shown in Figure 2, Figure 3 shows the results for time dependency studies performed at pH 5 using native, esterified, and hydrolyzed cone hops biomasses. Contrary to the results obtained at pH 2, Figure 3 shows that at pH 5, Au(III) binding to the three biomasses was time dependent, showing the maximum binding at 60 min of reaction with a 0.1mM Au(III) solution. This may be attributed to the fact that at pH 5 all the groups are deprotonated and there are more negative charges decreasing the binding of the Au(III) anion to the hops biomasses. However, the three biomasses behaved differently as the reaction time progressed. As one can see in Figure 3 , the maximum Au(III) binding to esterified hops biomass occurred during the first 
